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(54) Variable force solenoid operated valve assembly with dampener 

(57) A variat)le force solenoid operated pressure 
control valve of the type having a force balanced spool 
moveably controlled energization of the solenoid for 
modulating the discharge pressure of the valve at its 
control outlet when the valve is supplied at its inlet with 
fluid of a supply pressure. The spool is moved to bleed 
fluid through an exhaust port to a sump for controlling 
the pressure supplied to the control outlet. The spool 
has a dashpot and piston in one end for providing 
hydraulic dampening of spool oscillations. In one 
embodiment a cylindrical piston is used and in an alter- 
nate anrangement a baW is employed in the dashpot. 
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Descripti n 

BACKGROUND OF THE INVENTION 

The present invention relates to an electrically mod- s 
ulated pressure control valve actuated with a variable 
force solenoid. 

Valves of this type are typically controlled by an 
electrical signal providing variable voltage or controlled 
current to provide an increasing or decreasing magnetic 10 
force on an armature for effecting movement of a valve 
member. Valves of this type have found particular appli- 
cation in automatic transmissions for motor vehicles to 
permit electrical control of the fluid pressure for effecting 
gear shifting in the transmission. is 

In automotive transmission control applications, the 
solenoid operated valve Is typically configured to control 
the pressure drop between a supply pressure at the 
valve inlet and tiie pressure provided at a control outlet 
by corrtrolling the return flow to an exhaust connected to 20 
the system return or sump. In such valve applications 
for automatic transmission control, the valve is typically 
arranged to eitiier increase or decrease tiie pressure to 
the control outiet with increasing or decreasing current 
flow to the solenoid. 2s 

Solenoid operated pressure control valves typically 
employ a force balanced spool having lands formed 
thereon and which is axially moved to vary the restric- 
tion of flow between axialiy spaced inlet, outlet and 
exhaust ports or passages in the valve body. Examples so 
of such known solenoid operated pressure control 
valves employed for motor veNde automatic transmis- 
sion fluid pressure control are shown and described in 
U.S. Patent 4,947.893 issued to Miller, et al. and U.S. 
Patent 5,51 3,673 issued to Slavin, et al. 3S 

In field service, such known solenoid operated 
pressure control valves in automatic transmission appli- 
cations have experienced problems with oscillation of 
the spool and seff-excited vibration from changes In the 
pressure forces acting on the spool causing transient 40 
force Imbalance. This oscillations of the spool affect the 
response of the valve to controlled changes in the elec- 
trical control signal to the solenoid and also make the 
variable force solenoid valve unstable and quite difficult 
to calibrate. 45 

Therefore, it has been desired to find a way or 
means of improving a variable force solenoid operated 
hydraiJic pressure <x>ntrol valve of the balanced spool 
type and to provide such a valve which experiences a 
minimum of oscillations and instat>ility when connected bo 
in an hydraulic circuit for pressure control duty therein. 

BRIEF SUMMARY OF THE INVENTION 

The present invention provides an improved varia- ss 
ble force solenoid operated spool type pressure control 
valve assembly for regulating tiie outiet control pressure 
t>y the solenoid armature effecting axial movement of 
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the spool valve member. 

It is an object of the present invention to provide a 
variable force solenoid operated hydraulic pressure 
control valve which is dampened to minimize the effects 
of oscillations and vibrations, particularly such oscilla- 
tions and vibrations which are tended to be self- 
induced. 

It is a further object of the present invention to pro- 
vide a vartatMe force solenoid operated pressure control 
valve utilizing a pressure balanced spool which is 
hydraulically dampened. 

The present invention is arranged such that the 
spool has three lands disposed therealong and is move- 
able in a bore in the valve body for controlling the pres- 
sure drop between the inlet and control outlet and 
between the control outiet and the exhaust to sump. The 
spool is arranged for pressure force balancing axially 
tiiereon and has a hydraulic damping means provided in 
tfie form of metered flow from a dashpot to dampen 
oscillations of the spool. In the preferred an^ngement of 
the valve assembly, the spool has a blind t>ore formed in 
one end with a closely fitted piston therein; and. the 
bore is connected by a metering orifice to the chamber 
communicating with the control outlet and exhaust pas- 
sages. In one embodiment the piston is cylindrical and 
in another ent>odiment the piston comprises a ball. 

The present invention thus provides an improved 
solenoid operated balanced spool type pressure control 
valve responding to a modulated electrical signal for 
varying the magnetic force on the solenoid armature for 
effecting movement of tiie spool to control tiie outiet 
pressure of the valve and employs hydraulic dashpot 
dampening of the spool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross-section taken through the variable 
force solenokil operated valve of the present inven- 
tion: 

FIG. 2 Is an euconometric view of the solenoid hous- 
ing cannister illustrating the magnetic flux adjust- 
ment features; 

FIG. 3 Is a partial view similar to FIG. 1 showing an 
alternative embodiment of the hydraulic dampening 
mechanism; 

Rg. 4 is a partial view similar to Rg. 1 showing a 
furtiier alternative emtxxfiment of the hydraulic 
dampening mechanism. 

DETAILED DESCRIPTION OF THE INVENTION 

Referring to FIG. 1, the varialile force solenoid 
operated pressure control valve assembly is indicated 
generally at 10 and includes a txxiy assembly indicated 
generally at 12 and a solenoid assembly indicated gen- 
erally at 1 4 which are attached togetfier to form an oper- 
ative valve assembly. 

The body 12 has a generally cylindrical lower por- 
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tion 16 which has formed therein a plurality of ctrcumfer- 
entially spaced inlet ports 18 disposed thereon at a 
common axial station and which are adapted for con- 
nection to a source of fluid pressure (not shown) at an 
operatir^ inlet pressure, which for a typical automotive 5 
transmis^on application is in the range 100 • 250 PSIG 
(690-1 725 kPa). 

A second plural'ity of circumferentialiy spaced ports 
20 are disposed at a common axial location spaced 
from inlet ports 18; and, ports 20 comprise outlet ports 10 
for a controlled pressure of fluid to be supplied to ports 
or passages (not shown) In the system to be controlled. 
Each of the ports 1 8, 20 preferably has a filter screen 22 
provided therein and retained by a resilient seal ring 
akx}ut the periphery of each of the screens 22. Typically is 
ports 18. 20 are isolated from each other and from the 
surrounding portions (not shown) of the system by suit- 
able resilient seal rings denoted by reference numerals 
24, 26, 28 provided in con^esponding annular grooves 
formed in the periphery of the body 16. 20 

An enlarged diameter flange portion 30 is formed 
on body 12 above the seal ring 28 and flange 30 has 
formed therein a plurality of circumferentialiy spaced 
exhaust ports 32 disposed at a common axial location 
thereon. Ports 32 are intended to be connected to the 25 
sump or pump return (not shown) of the system provid- 
ing the inlet pressure to ports 18. 

Body 12 has a vaivlng bore 34 formed therein in 
which is slidably received therein in precision closely fit- 
ting arrangement a spool indicated generally at 36. 30 
Spool 36 has a first annular land 38 formed on the lower 
end thereof and a second annular land 40 formed in axi- 
ally spaced arrangement with land 38; and, land 40 is 
located adjacent the upper end of bore 34 and forms an 
annular chamber 42 in cooperation with bore 34 and 35 
land 22, which chamber 42 is in open communication 
with inlet ports 18. 

Bore 34 is relieved to an enlarged diameter 44 at its 
upper end which diameter 44 is in open communication 
with the control outlet ports 20. The relief of diameter 44 40 
forms an annular chancer 46 which has a second pre- 
cision tx)re 48 formed in the upper end thereof. Bore 48 
has slidably received therein, in precision closely fitting 
arrangement a stepped down or reduced diameter por- 
tion 50 fonmed on the spool 36. The portion of the spool 45 
having diameter 50 has an annular groove 52 formed 
therein which groove oomnunicates openly with 
exhaust ports 32; and, groove 52 defines an annular 
land 54 formed on the diameter 50 portion of the spool. 
Land 50 Is located axially on the spool so as to control so 
communication between chant)er 46 and the groove 52 
and thus controls bleed flow from chamber 46 to 
exhaust ports 32. 

Spool 36 has a central axial bfind bore 56 formed In 
the lower end thereof which tx^re has slidably received ss 
therein, in precision closely f itting arrangement a piston 
58 which is biased downwardly by a compression spring 
60 which has one end registered against the upper end 



of piston 58 with the opposite end of the spring regis- 
tered against the blind end of tx^re 56. The space 
between the upper end of piston 58 and the bfind end of 
tx>re 56 comprises a dashpot chamk^, denoted by ref- 
erence numeral 62. and which is ported to chamber 46 
by a metering port or orifice 64 formed radially in spool 
36. In the presently preferred practice of the inv^ion, 
the metering orifice 64 has a diameter of .030 inches 
(0.76 mm) to thus provide substantially restricted or 
metered flow between dashpot chant>er 62 and cham- 
ber 46. 

The piston 58 and spool 36 are retained in the body 
bore 34 by a Welsh plug 66 pressed into a slight counter 
bore fonmed in the lower end of bore 34; and, the lower 
erxl of the spool 36 and piston 58 are vented to the 
sump or the atmosphere through an orifice 68 formed in 
plug 66. 

Body 12 includes reduced diameter upper portion 
70 which has kx)re 48 formed therein which has the 
reduced diameter portion 50 of the spool slidably 
received therein. The body bore 48 is vented to the 
sump or atmosphere by a crossport 74. 

TTie upper portion 70 of the body has the solenoid 
assembly 14 attached thereto by means of a flux collec- 
tor plate 72 having a generally annular configuration 
received over the upper portion 70 in press-fitted 
anBngement and registered against the upper surface 
of body flange 30. 

Solenoid assembly 14 further includes a coil 76 
wound on kx)bbin 78. A generally cylindrical tubular 
spacer 80 is disposed over the bobbin 78 and has reg- 
istered on the upper end thereof an annular flux collec- 
tor ring 82 which has a downwardly extending axial 
central hub portion 84 which has slidably received 
therein an armature 86. The lower end of armature 86 
defines a working air gap with the upper end of body 
portion 70. 

Armature 86 has a pin or actuating rod 88 press fit- 
ted centrally therethrough and extending downwardly 
therefrom to contact the upper end of spool 36. A non- 
magnetic bearing spacer 90 is received in the upper end 
of kxxjy portion 70 and serves to maintain a minimum air 
gap between the lower end of armature 86 and the 
upper end of the body portion 70. The bearing spacer 
90 locates the lower end of pin 88 centrally in t>ore 48. 
Diaphragm 92, provides a fluid pressure seal about the 
pin 88 and the upper end of bore 48 in body portion 70. 

A t>earing 94 is positioned In tiie central region of 
flux collector ring 82; and. bearing 94 has a downwardly 
extending projection 96 which has slidably received 
therein the upper end of pin 88. The hub portion 96 of 
bearing 94 has received thereover the upper end of a 
coil spring 98 which has its lower end registered in a 
oountertx>re 100 formed in the upper end of armature 
86. Spring 98 thus biases the arrviature 86 and pin 88 
downward to maintain tiie lower end of the pin 88 In con- 
tact with the upper erxl of spool 36. 

The bobbin 78. coil 76, spacer 80. flux collector ring 
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82 and bearing 94 are retained on collector ring 72 by a 
cylindrical shell 102 which has the upper end thereof 
crimped over the outer periphery off flux collector 82 and 
tabs 103 provided on the lower end of shell 102 crimp- 
ing over the undersurface of flux collector ring 72. The s 
outer shell has provided thereon a receptacle 1 04 which 
has provided therein an electrical terminal 106 which is 
electrically connected to the coil 76 and is adapted for 
external electrical connection thereto by a suitable con- 
nector (not shown). 

Referring to FIG, 2, a feature of the construction of 
the valve assembly 10 of FIG. 1 is illustrated wherein 
the spacer 80 has at least one notch 108 but preferably 
two formed in the upper end thereof: and, the outer shell 
102 has correspondingly located notches 107, 109 75 
formed therein. The flux collector plate 82 has at least 
one and preferably two oppositely cfisposed notches 
1 10. 1 12 formed therein. The flux collector ring 82 may 
be rotated in the spacer 80 to align or misalign the flux 
collector notches 110.112 with the notch 1 08 in spacer 20 
80 to vary the flux strength between the collector 82 and 
spacer 80 for adjusting the magnetic operation of the 
solenoid assembly 14. 

Referring to FIG. 3. an alternate anrangement of the 
spool is shown generally at 136. wherein the dashpot 2s 
blind tx>re 156 has a ball 158 slidably received therein 
with metering orifice 164 supporting bore 156 and 
retained by plug 166. Spring 160 has its upper end reg- 
istered against the l^lind end of bore 156 and its lower 
end registered on the ball and biases spool 1 36 upward 30 
similar to the function of spring 60 of FIG. 1 . 

Refemng to FIG. 4 an alternate of the spool is 
shown generally at 170, where the dashpot blind bore 
171 has a ball 158 slidably received therein with meter- 
ing orifice 172 supplying bore 171 and retained by plug 55 
166. Spring 173 has its upper end registered against a 
counterbore 1 75 in the bottom of spool 1 74 and its lower 
end registered on the plug 166 and biases spool 174 
upward similar to the function of spring 60 of FIG. 1 . 

In operation, fluid entering ports 18 at inlet line 40 
pressure is metered or has the pressure thereof 
dropped across the annular space between land 40 and 
bore 34 by an amount dependent upon the position of 
the spool 36. In the present practice of the invention, 
with the coil de-energized land 40 is spaced a very 4S 
small amount from the upper end of kx>re 34 and per- 
mits relatively unrestricted fluid pressure flow into 
chancer 46 and to control outlet ports 20. The pressure 
in chamber 46 is determined by the pressure drop in the 
annular space between land 54 and bore 48 which con- so 
trols flow to groove 52 and out exhaust port 32. In the 
present practice of the invention, with the coil de-ener- 
gized land 54 overiaps the lower end of bore 48 and the 
restriction caused thereby maintains the pressure in 
chamber 46 at a pressure proportional to spring 60 55 
load. 

As ooil 14 is energized, increasing currerrt flow in 
the ooil causes armature 86 to overcome the pressure 



forces and the force of spring 60 and move the spool 36 
downwardly to progressively increase the restriction 
between land 40 and bore 34 and decrease the restric- 
tion between land 54 and bore 48 to thereby permit 
greater flow to the exhaust and lower the pressure In 
chamber 46 and thus provide a lower pressure to con- 
trol outlet ports 20. 

In the presently preferred practice of the invention, 
the diameters of the stepped spool are chosen such that 
the annular area defined by the differences between the 
area encompassed at diameter 50 and the area encom- 
passed at diameter of the land 40 comprise the effective 
area acted upon by pressure forces in chamber 46 and 
thus determines the force acting downwardly on spool 
36. The forces acting upwardly on spool 36 comprise 
the force of spring 60 added to the pressure forces of 
the pressure in chamber 62 acting over the area of the 
bore 56. Although spring 98 urges the armature and pin 
88 downwardly against the spool 36. spring 98 is cho- 
sen such that the force of the spring 98 is considered 
negligible with respect to the force of spring 60. With the 
downward pressure forces on spool 36 balanced by 
spring 60, as the solenoid current is increased and a 
greater magnetic force applied downwardly to armature 
86. and pin 88 is readily able to move the spool 36 
downwardly. 

Calibration of the variafc>le force solenoid operated 
valve of the present invention is accomplished by pres- 
surizing the inlet ports 18 at the intended supply pres- 
sure and applying a force with an external tool (not 
shown) axially against ttie welsh plug 66 sufficient to 
deform the plug center portion, which acts as a stop for 
tiie end of piston 58, to thereby vary the preload of 
spring 60 on the spool and move the spool in an upward 
direction to tiie desired position against the downward 
pressure forces due to the pressure in chamber 46. 

As described above, the magnetic force of the sole- 
noid, tor a given cun-ent flow may be adjusted. The mag- 
netic force Is increased by rotating the flux collector 82 
with respect to spacer 80 to align slots 110, 112 witii 
slots 108, or may be deaeased by rotating the flux col- 
lector 82 to a position where the notches 110, 112 are 
misaligned with the slots 108. 

The present invention thus provides an improved 
and cost efficient design for a variable force solenoid 
operated pressure control valve in which the magnetic 
force of the solenoid may be adjusted by rotating the 
upper flux collector plate disposed over the coil; and, 
the hydraulic adjustment or calibration of the spool is 
accomplished by deforming a stop for a dashpot piston 
in tiie end of the spool to vary the preload of the spool 
bias spring. The piston and dashpot in the end of the 
spool provides hydraulic dampening of the spurious 
oscillations in the spool during changes in spool posi- 
tion as the solenoid is energized for providing control of 
the outlet pressure of the valve to the system to be con- 
trolled. 

Although the present invention has hereinabove 
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been described with respect to the illustrated embodi- 
ments, it will be understood that the invention is capable 
of modification and variation and is limited only by the 
foltowing clain«. 

5 

Ctaims 

1 . A variable force solenoid operated valve assernbly 
for providing a control pressure at an outlet from an 
inlet supply pressure in response to an electrical w 
signal to the solenoid comprising: 

(a) a valve body having an inlet passage 
adapted for connection to a fluid source at sup- 
ply pressure, an outlet passage supplying fluid is 
at a control pressure adapted for communica- 
tion with a system to be controlled, an exhaust 
passage adapted for connection to a sump, 
and a valving bore communicating with each of 
said passages in axially spaced arrangement; 20 

(b) a spool valve moveably disposed in said 
valving t>ore and having a first annular land 
defining a first chamber communicating with 
said inlet passage, a second annular land 
defining a second chamber communicating 25 
with said outlet passage and a third annular 
land stepped from said second land defining a 
third chamlser oommunicafing with said 
exhaust passage, said spool having a blind 
bore formed in an end thereof with a piston 30 
moveably received therein in closely fitting 
arrangement including m^ns biasing said pis- 
ton outwardly of said blind bore, said spool 
including a port communicating said blind bore 
with said second chamber; 3s 

(c) a first restriction means associated with 
said second annular land for controllably 
restricting fluid communication k>etween said 
first chamt>er and said second chancer; 

(d) a second restriction means associated with 40 
said third annular land for controllably restrict- 
ing fluid communication between said second 
chamber and said third chamt)er; and, 

(e) a solenoid assemt3ly including a coil, an 
armature and a pole piece defining an air gap 45 
with said armature and operably contacting 
said spool valve for effecting movement thereof 

in response to controlled energization of said 
coil, and means biasing said armature in a 
direction away from said pole piece: and, so 

(f) a stop for limiting said outward movement of 
said piston, whereby controlled energization of 
said sdenoid coil effects movement of said 
armature toward said pole piece and move- 
ment of said spool valve in a direction to cause ss 
said first restriction to decrease fluid communi- 
cation between said first and second chamber 
aixS cause said second restriction to increase 



communication between said second and tftird 
chambers with said piston and blind bore func- 
tioning as a dashpot for dampening transient 
movement of said spool. 

The valve assembly defined in daim 1, wherein 
said flux collector is adjustable for varying said air 
gap. 

The valve assembly defined in daim 1, wherein 
said spool port comprises a metering orifice. 

The valve assembly defined in daim 1, wherein 
said spool valve is vented to sump at opposite 
ends. 

The valve assembly defined In daim 1. wherein 
said flux collector includes a generally tubular 
member having at least one void therein and a flux 
collector member having at least one recess therein 
received in said tubular member, said plug rotatable 
for varying the orientation of said recess to said 
void for varying the flux across said air gap. 

A method of providing fluid flow from an inlet supply 
pressure to an outlet at a controlled pressure in 
response to an electrical control signal comprising: 

(a) disposing a spool in a valving bore commu- 
nicating with said inlet, said outlet and a sump 
exhaust and progressively moving said spool in 
one direction in response to increasing said 
control signal; 

(b) progressively decreasing fluid communica- 
tion from said inlet to said outlet and increasing 
fluid communication from said outlet to said 
exhaust with movement in said one direction; 

(c) disposing a piston and dashpot in one end 
of said spool and forming a dashpot and 
hydraulically dampening said movement. 
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